UCTC's educational and research programs are focused on strategic planning for improving metropolitan accessibility, with emphasis on the special conditions in Region IX. Particular attention is directed to strategies for using transportation as an instrument of economic development, while also accommodating to the region's persistent expansion and while maintaining and enhancing the quality of life there.
The Center distributes reports on its research in working papers, monographs, and in reprints of published articles. It also publishes Access, a magazine presenting summaries of selected studies. For a list of publications in print, write to the address below.
Our objective is to explain household activity interactions, and. in so doing, to explain household demand for travel. Activity-based approaches have enhanced our understanding of travel behavior via the development of models of scheduling and activity participation and the examination of the relationships between household members, their activity demands, and the constraints that bind their decision processes. However. there has been very Iittle work. theoretical or empirical, that has dealt with formal relationships between household members.
Townsend (1987) developed a conceptual framework for classification and analysis of travel/ activity patterns and used observed task assignments to analyze and classify household patterns using household structure and individual role characteristics (Robinson, i977) . This work was directed toward the development of hierarchical relationships between the travel/activity patterns of the household and its individual members. Townsend first developed a theoretical household time allocation model where individuals participate in activities beyond or below the point of maximum individual satisfaction if household utility maximization is the goaI. Substitution, companion, and complementary effects were postulated between individuals. Townsend completed an empirical analysis of household interactions using a combination of trip, tour. and travel/activity pattern statistics. Activities were categorized by purpose (subsistence, maintenance, serve passenger, and leisure) and by performer (single, couple, and multi-person). For couples, several interactions were identified. With respect to the female's employment status, the partners of working females do not significantly increase their maintenance activities. There was also a shifting of joint maintenance trips to weekends. Townsend also found that working females made fewer maintenance trips than non-working females. He also found that the presence of children reflects more prominently on females. Maintenance trips are greater for mothers and lower for fathers when compared to their childless counterparts. Children tend to increase the amount of work activity for males, and increase the amount of maintenance activity for females. Finally, employed females tend to decrease the amount of leisure activity.
van Wissen (1989) developed structural models of activity duration for couples using the Dutch Panel data. He proposed to verify the existence of substitution, companion, and complementary relationships as proposed by Townsend (1987) for shopping, recreational, and visiting activities; in general, only the shopping models were very strong, van Wissen found no evidence of substitution effects, although complementary relations were strong for all activities. He also found that joint activities were important. Overall, the work duration for the male was the primary factor shaping the activity patterns of both partners. The employment status of the female was identified as important in her participation in other activities.
The female's emp]oyment status did not 178 Thomas F Golob and Michael G. McNally influence the male's non-work activity hours, however, her actual participation did influence his durations, van Wissen considered temporal effects using two waves of the panel data set. but he did not investigate activity duration effects on travel time to the activity. Our modeling approach also allows us to identi~ potential interrelationships among travel times for different activities and feedbacks from travel times to activity durations. In this way our models can capture ~tlme budget' effects. Zahavi (1979) and Zahavi and McLynn (1983) demonstrated how travel distances can increase as a result of saving in travel times due to improvements in transportation levels of service. Theoretical bases for these time budget effects are provided by Golob et al. (1981) and Downes and Emmerson (1985) . The present model can be viewed as a "toward taking the total activity pattern and the time budgets per activity group as the basis for explaining individual travel behaviour'" (van der Hoorn, 1979) .
The initial hypothesis formulated involves the quantification of the relationship between travel and the activity participation from which travel is derived. Several additional research hypotheses are developed to define the role of household interaction in travel behavior. Substitution. companion, and complementary relationships invoiving both activities and the associated travel of a household are hypothesized to exist both within and between the heads of the household. Finally, as in conventional demand models, a variety of exogenous variables are assumed to affect the relationships between activity participation and travel.
MODEL SPECIFICATION
To attack the problem, we limit the analysis to married or unmarried male and female couples who are heads of households. Whether there are other household members is taken into account, but only the activity participauon and travel of the two household heads is modeled explicitly. We apply structural equations to simultaneously model the activity participation behavior and travel of these couples and to identify' the interactions that define this behavior. Households with two heads of the same gender were excluded. We judged the application to male and female adult heads to be a fair test of the effectiveness of the method.
The endogenous variables
Our endogenous variables are meant to capture the participation of male and female household heads in out-of-home activmes and their travel to access these activities. We construct an identical set of variables for both household heads and model their interactions simultaneously.
Highly specific activities are aggregated into three broad activity types:
(a) Work, which includes activities coded as: work and work-related; (b) Maintenance (abbreviated 'maint.'), which includes activities coded as: meals, shopping (general), shopping (major), personal services, medical care, professional services, household or personal business, household maintenance, household obligations, pick up or drop off passenger, school, and religious: and (c) Discretionary (abbreviated 'dlscr.'), which includes activities coded as: visiting, culture, civic, amusements, hobbies, exercise or athletics, rest and relaxation, spectator athletic events, incidental trips, and tag-along trips.
The model specificauon does not depend on this particular typology of activities. One could use a different allocation of specific activities to three types, or to a different number of types. However. if more activity categories are used, there will be more parameters in the model, and accurate estimation of these parameters will require a larger sample size. Also, the incidence of zero activity durations will increase with the number of activity categories (holding the number of diary days constant at two per person), and this has implications for model estimation, as discussed in the Appendix.
For each of the three activity types, total out-of-home duration was computed over each individual's two diary days. The total travel time reported in accessing each activity was also aggregated for each activity type. Some activities, conducted at the same site as a previous activity, might have zero travel associated with them. The twelve endogenous variables in the model are listed in Table 1 .
The exogenous variables
In specifying the model exogenous variables, we restricted ourselves to household and personal characteristics that would in general be available from exogenous sources, such as the U.S. Census. Such characteristics include age of the heads, household membership in terms of the number of children by age category, number of workers, number of vehicles, number of drivers, housing tenure, and income. Detailed personal characteristics, such as employment status, occupation and industry, and personal income were not included as exogenous variables because it is generally not possible to obtain forecasts of such variables for planning purposes.
The structural equation model form
The standard structurM equations model (without latent variables) is given bv:
where y is a (m by t) column vector of endogenous variables, and x is an (n by 1) column vector exogenous variables. In the present applicatmn, we have m = 12 endogenous variables and n = 15 exogenous variables. The structural parameters are the elements of the matrices: B = (mxm) matrix of causal links between the m = 12 endogenous variables. F = (m×n) matrix of direct causal (regression) effects from the = 15 exogenous variables to the m = 12 endogenous variables.
and: = E(~'(') = variance-covanance matrix of the tin) error terms. For identification of system (1), B must be chosen such that (I-B) is non-singular, where denotes the identxty matrix of dimension m.
It can easily be shown that the total effects of the endogenous variables on each other are given by:
The total effects of the exogenous variables on the endogenous variables in a structural equations model of this type are given by:
which are the parameters of the reduced-form equatlons. 1. Total two-day out-of-home activity duration: work and work-related-male Male work activiues 2. Total two-day out-of-home actiwty duratmn: work and work-related-femaie Female work activmes 3. Total two-day out-of-home actiwty durauon-mamtenance-male Male mamt. act~viues 4. Total two-day out-of-home actwity duration-maintenance-female Female maint, activities 5. Total two-day out-of-home acttvlty duration-discreuonary-male
The postulated activity-travel causal structure
Male discr, activities 6 Total two-day out-of-home activity duration-discretionary-female Female dzser, acuvmes 7. Total two-day travel umes to out-of-home work and work-related act~vmes-mate Male work travel 8. Total two-day travel times to out-of-home work and work-related actwmes-female Female work travel 9. Total two.day travel umes to out*of-home mmmenance acuvmes-male Male maim. travel I0. Total two-day travel t~mes to out-of-home maintenance actwities-femate Female maim. travel 11. Total two-day travel times to out-of-home discrettonary acuvmes-male Male dzscr, travel 12. Total two-day travel t~mes to out*of-home diseretmnary actwities-female Female diser, travel Thomas F. Golob and Michael G. McNaBy These postulated direct effects can be divided into four types: (1) the travel requirements out-of-home activities. (2) within-person activity interactions, (3) within-person travel interactions, and (4) cross-person interactions. We next describe specific hypotheses in terms of each of theses four types of effects.
2.4.1o Travel requirements of out-of-home activities.
The direct effects from each individual's activity type duration to the travel for that activity type (the vertical arrows in Fig. 1 between variables 1 and 7, variables 2 and 8, etc.) represent travel as a derived demand. The estimated coefficients of these effects can be interpreted in terms of hours of travel time require to access one hour of that activity. We expect these coefficients to be positive and less than one.
If, for any of the three types of activities, men and women display similar travel-activity patterns, the coefficients for male and female household heads should be equal for the same activity type. Tests of parameter equality are easily performed in structural equation modeling by estimating a model with the constraint that a pair of coefficients be equal (e.g. fly.1 =/58.2) and comparing the goodness-of-fit to an otherwise identical model without the equality constraint. Each of the three pairs of gender differences in travel demand derived from acuvity demand is tested in our models.
Within-person activity interactions.
The six effects portrayed by six arrows at the top of Fig. 1 emanating from variables 1-4 are meant to capture a hierarchy of activitms for both men and women. We postulated that this hierarchy is defined by (1) work activities at the top, followed by (2) maintenance activities, and finally (3) discretionary activities. These reflect constraints on available time. A person's engagement in a lower-order activity is controlled in part by his or her level of participation in the higher-order activity or activities. Consequently, there are three hierarchical activity links for both males and females: (l) from work to maintenance, (2) work to discretionary, and (3) from maintenance to discretionary. We expect all of these coefficients to be negative. No other within-person activity to activity effects are expected to be significant.
Within-person travel interactions.
Many other within-person effects involving the three travel variables are possible, as tong as the we maintain the identity condition that we specify B so that the matrix (I-B) is non-singular. However, the only three links we postulate involving travel for each person are the three activity-to-travel links for each activity type that we defined in Section 2.I. Hypothesis tests are subsequently used to determine whether or not additional direct effects are required to establish an acceptable overall model. 
Cross-person interactions.
The model is designed to capture many different kinds of interactions between household heads in terms of their activity participation and travel. As in the case of additional within-person links involving travel (Section 2.4.3), we feel that the best way find if the data support any of these links is to first establish the simplest theoretically acceptable model, and then to test for significant missing cross-person 1inks. However. we initialize the procedure by postulating one cross-person link: from male work duration to femate maintenance duration (the arrow from variables 1 to 4 in Fig. 1 ). We expect that male participation in out-ofhome work activities will have a positive effect on the out-of-home maintenance activities of female heads, as observed by van Wissen (1989) .
2.4.5. Error-term covariances. We also expect that certain endogenous variable error terms for mate and female would be positively correlated. Such covariance would be induced by joint participation in activities and travel, or by unexplained spatial and lifestyle factors. We postulate non-zero (free) error-term covariance parameters (elements of the ku matrix in Equation System for the six pairs of male/female activity and travel variables, as depicted in Fig. 2 . In addition. exploratory analysis leads us to believe that the unexplained portions of female maintenance and discretionary travel will be correlated, so we specify an additional free error term correlation parameter between these two endogenous variables, as shown in Fig. 2 . If this specification is correct, we should find that each of these seven error-term covariance parameters is significantly greater than zero.
PORTLAND DATA
The data to test our model are drawn from the Portland. Oregon 1994 Activity and Travel Survey. The survey contained coordinated revealed and stated preference components. The revealed preference component utilized in this paper included a two-day (sequential) activity diary recording alI activities involving travel and all in-home activities with a duration of at least 30 ram. for all individuals in the household. A full range of household and person socio--economic data are also included.
The original usable sample contained 2230 households with 5120 individuals. To investigate the identified research hypotheses, a sub-sample was drawn of 1318 married or unmarrTed adult couples (18 yr or older) living in the same residence. After preliminary processing for missing data. a final sample of 1292 couples was identified. No restrzction was placed on other socioeconomic characteristics (such as employment status, activity performance, etc.). The activity diaries for the duration duration i maint. ! discr, i I discr. travel travel i ! travel identified couples were processed for both travel days yieIding person summaries of total non-home activity duration and total travel time to the non-home activity.
The constructed dataset provides a socio-economlc profile of the couple and their household. Summary statistics were appended to capture the effects of other household members (such as number of licensed drivers, distribution of children, and number of employees). The duration and travel time data represents a snapshot of activity pamc~patlon for the couple only o~ era sequential two-day period.
A descnptwe analysis of the travel and activity participation of these couples is provided in Table 2 . A general assessment of the behavmr of the couples suggests that the femaIe performs more activities, particularly in-home, and travels more. Furthermore, the average cha.m complexity for females is greater (defined as average number of soiourns per chain). The total number activhies comprises both out-of-home (sojourns) and )n-home activities as well as return home activmes; the latter is approxlmately equal to the number of (home-based) chains. Furthermore. not all reported out-of-home activities requ,,red travel, since multiple activities were reported at stogie destinations.
Through explorator? analyses, we determined that many candidate exogenous variables did not contribute to explanation of the endogenous variables hsted in Table I . In most Instances, lack of expianatory power can be attributed to collinear~ty. For example, after taking into account ether household characteristics, we found that the dummy variables designating ages of the household heads for ati ranges except the youngest group were ineffective in expiaming activity partic,,pation and trove!. The final set of effective exogenous variables is listed in Table 3 .
RESULTS
The model was estimated using the two methods--normal-theory maximum likelihood (ML), and arbitrary, distnbunon function weighted least squares (ADF-WLS)---described in the Appendix. We compare the results using the ML and ADF-WLS estimation methods. The results using the ML method applied to the varJance--covariance mamx are presented first because the coefficients can be more easily interpreted. 
Endogenous rariable causal structure
A model was estimated using the normal-theory ML method applied to the postulated endogenous variable structure (Fig. 1 ) and the best possible exogenous structure. The X: value for this model was 228.05 with 194 degrees of freedom (dr). This likelihood ratio test statistic is associated with the null hypothesis that the estimated model is consistent with the observed sample vanancecovariance matrix. The value of 228.05 with df = 194 corresponds to a probability value ofp=0.047, indicating that the model can be rejected at the p=0.05 level. Following a series of hierarchical hypothesis tests, we determined that the model could be significantly improved by adding six additional direct effects between endogenous vanaNes. Each or these effects individually improve the model, as measured by differences in )~ values, and the six effects together reduce the model X 2 value by 79.33 with df = 6, which is a highly significant improvement (p < 0.0001).
The finaI model log-likelihood ratio X 2 of i48.72 with df = 188 corresponds to a probability value of p--0.984. The model definitely cannot be rejected. The adjusted goodness-of-fit index (AGFI) is a measure of the relative amount of the sample variances and covariances that are predicted by the model, adjusted for the df of the model relative to the number of variables (Bollem 1989 ). This index is useful for comparing models fit on the same sample. The AGFI for the model estimated using the ML method is 0.967.
The final model endogenous structure is depicted in F~g. 3. This flow diagram has 19 direct effects, with the 6 new effects added to the 13 postulated effects of Fig. 1 . The estimated coefficients and their t-statistics are listed in Table 4 . We interpret these results in terms of the four types of effects distinguished in Section 2.4.
4.1.I. Travel reqzarements of" out-@home activities.
For work activities, the hypothesis test reveals that the direct effects representing travel as a derived demand ~br work activities are the same for men and women m Portland, the joint coefficient being estimated to be 0.047 (t = 26.9). This translates into 22.6 rain of travel per 8 h of out-of-home work activity.
For maintenance activiues: the direct effects representing travel as a derived demand lbr maintenance activines are also the same for men and women household heads in Portland. the coeffacient being 0.130 (t=21.I). One hour of" out-of-home maintenance activity requires on the average 7.8 min of travel time. This effect is also estimated efficiently. As expected, the maintenance activity effect ~s greater than the work activitv effect (by a factor of 2.8).~m For discretionary activities, in contrast to work and maintenance activities in the Portland case study, the equality of male and female direct effects for traveI as a derived demand for discretionary activities is rejected. One hour of out-of-home discretionary activity requires on the average 5.5 min of travel time for male heads of household, but a similar hour of discretionary activity requires 8.5 rain of travet for female heads of household. Reasons for this gender difference could be: (I) the average duration of discretionary activities is less for females, requiring more travel per minute of activity; (2) females are less able to link discretionary and other activities: (3) the destinations of discretionary activities are further from home for female household heads. Further analyses could be conducted to test these hypotheses.
4ol.2. Within-person activity interactions. A hierarchy of activities for both men and women in Portland was successfully captured by the negative direct effects between work activity participation and participation in each of the other two types of activities, and between maintenance activity participation and discretionary activity participation. The links to participation in discretionary activities are equal for men and women, being -0.~48 (t=-ll.3) from work discretionary and-0.168 (t = -4.8) from maintenance to discretionary. That is, an hour of work activities reduces discretionary activities by about 9 rain, and an hour of maintenance activities reduces discretionary activities by about I0 rain.
However, gender differences were found in terms of the effects of work activities on maintenance activities. Maintenance activities of the female household head are more sensitive to work activities. In conventional gender roles, the responsibility for many household maintenance activities (such as shopping, child care, and cleaning) is assumed primarily by the female. Males, generak spend a significantly greater amount of time in work activities. When the female increases work participation s~gnificantly, a stronger shift away from maintenance activities would be anticipated and maintenance would tend to become more balanced between partners. A second potential effect involves a parallel increase in work hours and a decrease in household maintenance hours for the female due to life cyc!e changes (such as children leaving home) which would reduce the female's maintenance responsibilities.
Within-person travel interactions.
The final model has three cross-activity effects revolving interactions between travel and activity duration for the same person. One effect is a negative link from maintenance travel to the duration of work activities for males. Male heads with longer maintenance travel exhibit a lower level of work activities, ceteris paribus. The coefficient is -1.72. indicating that an increase of I0 rain in maintenance travel time is associated with in a decrease of 17 rain in the duration of work acavities, A second significant negative direct effect zs from female work duration to female maintenance travel. Not only does increased work participation of the female decrease maintenance participation (the effect noted in Section 4.1.2), but, maintenance travel is also reduced over and above the level predicted by the reduction in the participation in maintenance activities. This possibly captures trip chaining and the substitution of more convenient maintenance locations by working women.
The final effect of this type is the negative feedback from discretionary travel to discretionary activity duration for female household heads. This asserts that women who travel further to access discretionary activity sites will exhibit a lower level of activity participation than otherwise expected. The forecasting implication is that increasing accessibility to activity sites will induce latent demand for activity participation for females. The coefficient of slightly less than one is consistent with a total time budget on combined discretionary activity duration and travel time.
4.I.4. Cross-person interactions.
Participation by the male head in out-of~home work activities has a significant positive effect on the female bead's participation in maintenance activities, with approx. 2 rain of maintenance time being associated with each hour of work. An additional positive link was found between male work activities and female maintenance travel. This means that the total effect on the female's maintenance travel is greater than that captured by the path from work activity through maintenance activity alone. If the male increases his participation in work activities, the model predicts that the female's travel for maintenance activities will increase more than proportionally to the increase in the female's participation in maintenance activities.
We also found a significant negative effect from male travel for work activities to female participation in discretionary activities (the coefficient is-0.533; t= -2.9). This predicts that if the male can save work travel time, the female will increase discretionary time by approximately half the amount saved, ceteris paribus. Finally, a direct link was needed in the model from female t86 Thomas F. Golob and Michael G. MeNally participation in discretionary activities to male travel time to discretionary activities. This may capture trip chaining phenomena.
Error-term covartances.
The postulated error-term covariances (Fig. 2) are statistically significant. The estimated error-term covariances (and their corresponding t-statistics) are shown in Table 5 . We also show standardized versions of the coefficients, estimated using the correlation matrix rather than the variance--covariance matrix. The error terms of male and female maintenance activities and those of male and female discretionary activities are the most strongly correlated, followed by male and female discretionary travel, followed by maintenance travel. The error terms of the work activity and travel variables are the least correlated. These results capture the anticipated effects of joint maintenance and discretionary activity participation and joint travel in pursuit of discretionary activities. Household location and life style factors are also potential sources of these results.
Total effects between the endogenous variables.
The total effects between the endogenoas variables, computed according to Matrix eqn (2), are listed in Table 6 . A comparison between these total effects and the direct effects m Table 4 shows how work activities affect travel for maintenance and discretionary activities through the activity hierarchy paths in combination with the links from each act, v~ty to its travel. Specifically, a stronger male participation in out-ofhome work activities leads to: (1) a decrease in male maintenance and discretionary activities and travel, (2) an increase in femaIe maintenance activities and travel, and (3) a decrease in female discretionary activities and travel. This is consistent with the findings of van Wissen (1989) . On the other hand, a stronger female participation in out-of-home work activities leads to: (1) a decrease in female maintenance and d~scretionary activities and travel, (2) a decrease in male discretionary travel, but (3) no changes m male maintenance and discretionary activities. These are important gender role differences.
The total effects arising from three of the travel times have potentially important policy imphcations. First, the model predicts that, if the traveI time to work is reduced for male heads of household, perhaps through improvements in traffic flow, the transportation infrastructure, or decreased separation of home and workplace, the female head will increase her duration of discretionary activities and her discretionary travel time. But the male will increase only his discretionary travel time, perhaps by traveling further to more desirable destinations. This supports the concept of the interactions of time budgets within the household setting. Similarly, if the female's discretionary travel time is reduced, perhaps through improved accessibility to activity sites, the female head will increase her duration of discretionary activities and her discretionary travel time, and the male head will increase his discretionary travel time. The discretionary activity time of female heads of household is very sensitive to travel times.
Maintenance travel time by male heads is a different story. The model predicts that males trade off maintenance travel time with participation in out-of-home work activities.
Thus a decrease in travel time for maintenance activities will lead through work activities to decreases in maintenance and discretionary activities.
Exogenous variable effects
The estimated structural parameters in the gamma matrix of Equation System (1) give the direct effects of the exogenous variables on the endogenous variables. However, interpretation of influences of the exogenous variables is approached more effectively in terms of the total effects of the exogenous variables on the endogenous variables° These effects, the coefficients of the reducedform equations, are calculated according to Matrix eqn (3); they are listed in Table   Table 5 o. ,.,-o= "= Some of the strongest total exogenous effects are traceable to the number of children in the household. As expected, the number of children in any of the youngest three age categories is related to the substitution of work and maintenance activities between the male and female heads of the household, confirming the results of Pas (1984) and van Wissen (1989) . In contrast, number of children in the household with driving licenses is not related to the male's activities: but it is negatively related to the female head's participation in work activities and positively related to her participation in both maintenance and discretionary activities. This indicates that household activity interactions change when children become drivers.
Household tenure is related to discretionary activity patterns. Female heads of households that have resided in their current home one year or tess exhibit travel more for discretionary activities, ceteris paribus. This could reflect either ties to activity sites at a previous residential location or search behavior at the new location.
Female heads of household that are renting have a Ionger duration of discretionary activities, and both male and female heads of such households spend more time traveling to discretionary activities. This defines a life styte. Similar travel behavior for discreuonary activities is found for male and female heads in households where the male head is under 26 years of age. However in such young households the female head participates marginally less in discretionary activities. The effects of income are weak.
Tobit model comparison
We next compared the linear model to a model that treats the activity and travel durations as censored (Tobit model). The Tobit model was estimated using the ADF-WL$ method. This model is based on a replication of the correlation coefficients of the normally distributed latent endogenous variables. Thus, we must compare the Tobit model results to a standardized linear model estimated using the ML method applied to the observed variable correlation matrix, rather than the observed variable variance--covariance matrix. The Tobit model was specified to have the same parameter structure as the previously described ML linear model.
The Tobit model X 2 value is 286.21 with I88 dr, which corresponds to a probability value of p = 0.00. The X 2 value for the standardized linear model with the same structure is 153.20 with the same number of df (p = 0.97). However, by optimizing the exogenous effects (the structure of the matrix) it was possible to establish a Tobit model with a X 2 value of211.30 with 190 df, corresponding to p =0.14. It was not necessary to modify the structure of effects between the endogenous variables. The adjusted goodness-of-fit index (AGFI) for the optimal Tobit is 0.996. The AGFI for the standardized linear model estimated using the ML method is 0.966. Thus, the X 2 value for the Tobit model is lower, but neither model can be rejected, and the Tobit model is equal or better than the linear model on the AGFI measure of fit.
The estimated direct effects between the endogenous variables for the two models are compared in Table 8 . There is good correspondence between the coefficients of the effects emanating from the first two endogenous variables: male work activities and female work activities. However, these coefficients in general are estimated with more precision in the Tobit model, where the t-statistics are actually asymptotic z-statistics. With regard to the remaining direct effects, the M L estimates are substantially higher than the ADF-WLS esttmates, particularly for effects involving male discretionary travel and female discretionary travel. The work activity variables are distributed with heavy bimodality, while the discretionary activity variables are heavily skewed. It appears that the skewed variables are more sensitive to differences in estimation treatment. Only one effect, the feedback from discretionary travel to discretionary activities for females, is significant in the linear model but insignificant in the Tobit model.
We draw three conclusions from this. First, the endogenous structure is relatively independent of the estimation method, while the exogenous structure (which we are unable to show in detail) is dependent on the estimation method. Second, however, the actual coefficient estimates for endogenous variables with heavily skewed distributions are dependent on the estimation method. Third, ML estimation assuming linear endogenous variables overstates the overall model goodness-of-fit X 2 statistic, but potentially also overstates the standard errors of the parameters. Whenever sample size permits, the Tobit model with ADF-WLS estimation should be used in these structural equations applications.
CONCLUSIONS AND DIRECTIONS FOR FURTHER RESEARCH
We have applied structural equations to slmukaneously model the behavior of the male an, female heads of household in terms of their activity participation and travel. Several conclusion can be drawn from this exercise.
Planning implications
This research has validated hypothesized interactions within households and has identifie additional interactions as part of an overall model structure which relates activity participatio and travel behavior of household heads, Relationships have been established between the amour of time allocated to work, maintenance, and discretionary activity, and to the travel generated b each activity. The interactions between male and female household heads are modeled endoger ously; effects due to the presence of other household members are introduced exogenously. Tĩ mplication of these results is ctear: a feedback mechanism should be introduced in trip generatic models to reflect the effect of activity frequency and duration on the level of associated travel. Fc example, households which have longer commutes should have compensatory reductions in tlf requency and duranon of participation in and travel to other types of activities. Indeed, Purv et al. (1996) have recently demonstrated ho'~ standard transportation models can be modified account for such travel time feedback effects. The present research is currently being extende by the authors to explicitly model household vehicle travel distance within the model system.
Modeling potential
The general model format can be extended along five directions. First. we can expand c modify the number of types of out-of-home activities. One potential reclassification is to brea what we called "maintenance" and 'discretionary' activities into more than two subsets, perhaps c the basis of household vs personal activities.
Second, we can expand the model to co~er in-home as well as out-of-home activities. Th must be done carefully with the Portland Survey dataset, because reported in-home activities a, limited to those of half an hour or more. Ho~ever. we are motivated by the potential explanatic of conditions under which there is substitution between in-home and out-of-home activities, ar we place a high priority on extending the model to include in-home activity participation.
Third. travel in the models can be separated by mode. Since it is unlikely that we will fir, enough public transport travel in a metropolitan area such as Portland, in the present dataset v might be able to distinguish private vehicular travel vs all else (mainly pedestrian) or solo drivir vs multiple occupancy. Fourth, we can increase the number of individuals that we are modeling simultaneously. The obvious choice is to add the activity and travel behavior of children. The possibilities here are highly data dependent. In our sample, approximately half of the 1292 household with male and female heads had at least one other household member, usually a child, Even if we focused only on households with older children, the sample size shoutd be sufficient for the estimation of a linear (ML method of estimation) modet with three individuals. Mode! structures with four or more individuals are problematic, because it would be difficult to retain a sufficient ratio of sample size to the number of estimated free parameters.
Finally, we can add exogenous environmental variables into the models. Such variables could include, but would not be limited to, accessibility indices, level of service indices, and dummy variable representing different residential areas.
Data requirements
We also need to consider the issue of weekday vs weekend behavior. There are obviously substantial differences in activity participation behavior across Saturdays, Sundays, and weekdays. Moreover, there might be important differences across weekdays, with particular emphasis on Fridays. tn the past, trip diary surveys have often ignored weekends altogether, with their concentration on commuting behavior. In modern travel behavior research we have expanded our focus to weekends as well as weekdays, and now we face trade-offs regarding sampling across days in surveys with multi-day diaries.
The data we used consisted of two-day activity diaries. In this type of modeling there is a clear trade-off between the level of disaggregation of the types of activities and the number of diary days. With more days, we can focus on a finer distinction of activities, because more households will be observed participating in each of the activities over the course of the diary period. A test of the existing model with one vs two diary days is a useful exercise for further research. We might be able to extrapolate results of the one-day vs two-day comparison to assess the advantages of more than two days.
For the Portland Survey data, there are a substantially different number of households beginning their two-day diaries on certain days of the week since the sampting scheme favored weekdays over weekends. Since a "full week sample' was used. Saturdays and particularly Sundays are under-represented in our sample due to the survey favoritism toward weekdays. We should correct for this bias by either re-weighting the sample or creating a smaller sample by randomly selecting an equal number of households from each starting day strata. This is presently relegated to the realm of future research.
In order to study weekday behavior in more detail, we might wish to limit our sample to only those households with diaries on two weekdays. Here we have a problem, even in light of the relatively even distribution over weekday starting days in the Portland Survey. Because SundayMonday and Friday-Saturday combinations would be eliminated in a sample limited to two weekdays, the three middle weekdays would carry a weight of approximately twice that of Mondays and Fridays in a 'weekday only' two-clay sample. If we strive to understand weekend as well as weekday activity and travel behavior, we should over-sample, rather than under-sample, weekend days. This goes against our inherent bias to concentrate our efforts on modeling the most repetitive travel behavior.
Methodology
Results show that, for accurate assessment of goodness of fit and standard errors, we need to treat activity participation and travel variables in structural equation models as censored (Tobit) variables and use the arbitrary distribution function, weighted least squares (ADF-WLS) estimation method (also known as the asymptotically distribution free, weighted least squares method). However, this method requires a greater sample size, due to its asymptotic properties and the need to use a matrix consisting of computed fourth-order moments. Fortunately, we showed that the main conclusions in our model are consistent between a linear model estimated using the normaltheory maximum likelihood (ML) method and the Tobit model estimated using ADF-WLS. Our conclusion is that, in situations where tow sample size prevents application of the Tobit model, the linear model will provide decent approximation.
TR(SI 31~t-B
Multi-group modeling is one application in which the linear modet will probably be the onl? alternative. In multi-group structural equations modeling, the matrices in Equation System (1) arc partitioned along a third segmentation variable. The default form of the model postulates that alI structural parameters in the B and F matrices are equal across all segments. The equalit? restrictions are released where warranted by significant improvements in model goodness-of-fit Muhi-group modeling is a particularly powerful technique for finding statistically significant interactions between individual segmentation groups and structural parameters,
